A model for studying the leptonic weak processes of hadrons is developed on the basis of the original idea of the meson theory by Yukawa who took the strong meson as an intermediary of /3-decay. By assuming that all strong mesons have weq.k interactions with the lepton currents, we find that the contributions from p (760) and A 1 (1070), K*, K* (890), and Kc, Kc(1240) are most prominent, leading to essentially the V-aA (a>O) type as the leptonic weak interactions of hadrons with I.JSI =0, 1. We studied the high energy neutrino reactions in this model and compared the result with experiment.
If we extend the original idea of Yukawa's meson theory/) we expect that all strongly interacting mesons may take part in /1-decay and other modes of the leptonic weak interactions of hadrons. From this standpoint, any of the strong mesons could have weak interactions with the lepton currents. Yuka wa's meson theory of /1-decay 2 ) was, however, rejected when the pion was discovered and its properties confirmed. In fact, the /1-decay interaction mediated by a pseudoscalar pion is of the pseudoscalar type, at variance with the V-A type proved experimentally. In the course of time, however, many kinds of strongly-interacting mesons other than the pion have appeared in our list of particles, and the situation has changed. It may, therefore, be premature to reject Yukawa's original idea before carefully investigating the possibility that the strongly-interacting mesons indeed metiate in leptonic weak processes of hadrons.
Yukawa considered that the coupling constant for meson interactions with the lepton current could be different from that for interactions with the baryon current, since leptons and baryons are quite different in nature, structure and mass. On the other hand, in the current-current interaction model 3 ) ' 4 ) with the universal Fermi coupling constant, or in the weak boson model with the universal semi-weak coupling constant the lepton and hadron currents do enter on an equal footing. Here the universality argument is based on the fact that the Fermi coupling constants for the three processes, tJ>-decay, ,a-decay and ,a-capture, are approximately the same. Careful experimental and theoretical investigation into the other leptonic weak interactions of hadrons, shows that universality, is widely broken. In order to accommodate various coupling constants in a unified way, the Cabibbo angle (} 5 ) was introduced. But unless the physical meaning of (} is clarified, the riddle of the break-down of universality remains yet to be solved. On the contrary, it seems that the diversity of coupling constants and the observed differences in the properties of baryons and leptons are themselves the fundamental features of the leptonic weak interactions of hadrons which should be studied.
In the following we shall see that the Yukawa model can provide a more comprehensive scheme than the current-current model of the conventional theory. Let us cite the fundamental assumptions of the present scheme:
A) All strong mesons should have weak interactions of the V-A type with the lepton currents. 6 ) B) ,a-e decay which concerns only leptons will be dealt with independently, and "leptonic bosons" for the mediation of ,a-e decay are considered from a general viewpoint. C) The hypothesis of the current theory are selectively adopted in the present scheme;· we follow the hypothesis that the form factors for the hadron currents can be described by those for the electromagnetic currents. For instance, with regard to the nucleon form factors, we accept the results obtained by the current theory as a working hypothesis for our own theory.
On the other hand, we do not follow the universality arguments by which the coupling constants are modified through the Cabibbo angle (}, nor the conservation laws for the vector currents in general. We try to deduce these observed facts in terms of the strong meson channels. D) Instead of the current-current model, we start with the phenomenological Yukawa interactions for weak processes in general, and analyse them separately in each mode: The nonleptonic decay of hadrons, the leptonic decay of hadrons and the pure leptonic decay could have different features with respect to the selection rules, the interaction types and the magnitudes of the coupling constants. In this paper emphasis will be laid on the choice of the models. We do not enter, therefore, the calculations by taking into account the special assumption of symmetry. As we shall see in the succeeding sections, we can satisfactorily accommodate the diverse features of the weak processes of hadrons m terms of the strong meson channels. § 2. Leptonic processes of hadrons (4S = 0)
In order to formulate the mediation of the leptonic processes of hadrons by the strong mesons, let us introduce weak interactions of the Yukawa 
The values of JP is related to that of g P by the formula (2 · 3). The magnitude of g P has not been uniquely determined. We shall, therefore, cite some of the experimental values :
*) The isospin invariant of Hg is of course given as follows:
where 't' is the isospin matrix. 
with J~'~ as the leptonic current. (2 ·6) Also in the lowest order perturbation calculation with q = 0, we obtain the required probability for the S-decay of pion:
We cite the values of g pu and JP determined by (2 · 7): We need more precise experiments in order to to determine ay. With regard to the branching ratio for the two modes the observed value IS as follows:
From phase space alone, we have
The contribution from the vector interaction in our model leads to the followmg expression: § 3.
Leptonic processes of hadrons (JS= ±I)
For the intermediary of the weak decay of hyperons and kaons in the leptame modes, we may cite K*, K* (890Me V), JP = 1-(vector meson) and Kc, Kc (1240 MeV), JP = 1 + (axial vector meson). As was made in the case p and Ah we introduce the weak interactions with the baryon currents : 
· 4n
For A~P+e-+ve, we have from (3·1) and (3·2)
By inserting the value of fi*/ 4n given by (3 · 4) into ( 4 · 5) we obtain f'fr* = 0.91 X 10-
Several authors 11 > have suggested, as a physical interpretation of the Cabibbo angle 8, the two competative processes through two kinds of the intermediary weak bosons. In this case, mass and coupling constant can be dealt with as arbitrary parameters so that the break down of the universality ef the Fermi coupling constants for the JS = 1 transitions could be explained. In the Yukawa model, we used, instead of the speculative weak bosons, the strong mesons which are actually observed (the list of mesons could 
On the other hand, the experimental value of Cabibbo angle is given as follows:
We see that the value deduced in the present model agrees well with the observed values for tan(). The important leptonic modes of decay of hyperons may be cited as follows:
From the strong meson (K* (890) and Kc (1240)) channels we are led to the hyperon decay in the leptonic modes which obey the selection rule:
and JS=JQ. (3 ·10) This IS because the selection rule of the strong interaction:
m the baryon current part, and also the nature of K* (890) and Kc (1240) both of which have 1 = 1/2. In fact, the processes JS = -JQ such as will be invoked only in terms of kaon with the exotic nature
1=3/2 S=-1
x--c-1)
Existence of these types of kaon is, of course, not absolutely excluded: it might be found in future experiments with much larger masses and relatively smaller coupling constants. Experiments now available give us the upper limit for the LJS = -LJQ transitions : 12 ) or
In the present model, the exotic meson with strangeness ± 2 (say D+ (S = + 2), n-(S = -2)) could intermediate the decay processes with LJS= ±2.
We cannot at present preclude or include the existence of such mesons. Experimental upper limit for the LJS = ± 2 transitions are given as follows : 13 ) or (3 ·17')
With regard to the interaction types, we are led to the following expressions for the transition with I JSI = 1 . 
m the same footing. These problems were already treated on the basis of the universal Fermi interaction 14 ) or of the universal weak boson theory. ) the ambiguities come in from the unknown form factors such as the "mass" in the axial vector nucleon form factor, and, therefore, no definite conclusion could so far been obtained. 20 ) ' 21 ) In the present model, we have to consider the possibilities of all strong meson channels to the neutrino react.ion ( 4 ·1) .
)
As the most effective channels, we take here p and A 1 channels. First, let us assume the Hamiltonian of the strong interactions between (A 1 ) and the baryon currents and that of the weak interactions between (A 1 ) and the lepton currents in the following way:
H=gPJ/p~< + +gAJ~<AA~< + + JPp~<J~<L+ fAA~<J~<L+h.c.
The matrix element M is where
In order to fit the experimental knowledge, we have to put
By taking into account the nuclear form factor, we can evaluate the matrix element given by ( 4 · 3) as follows:
where We assume
We shall calculate the cross section for quasi-elastic neutrino prJcesses:
By means of the lowest order perturbation calculation, we obtain the differential cross section drJ / dt and the total cross section, as follows:
Here we used the following notations: This assumption does not lead to the appreciable errors in the case of high energy processes.
By using the law of energy~momentum, we obtain the following expression in the c.m.s. system for the square of the matrix elements: 
Eu=E+P=W+k,
k=P-M22-Ml2 2(P+E)'
PK =Pk cos {3=PkZ. 
)
With regard to the inelastic process 19 ) ' 20 ) such as the pion production v~-' + p ~fl.-+ p + rc+ in the present model, we shall work out in a separate article.
One may agrue against the present proposal by saying that the possible effects of all strong mesons are already included in the currents, as <niJ~-'IP> and the current-current model could have the non-local character due to the higher order contribution from the strong interactions of the hadrons involved. However, we used the strong boson propagators for the real leptonic processes of hadrons, which are non-local of the different kind, other than the nucleon form factors. 
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In the present attack, we restrict ourselves only to use the lowest order perturbation in calculating the leptonic processes of hadrons, by using vector and axial vector mesons as the intermediary. With such a simplified procedure, we meant only to give the simplest results in our model. In order to account for precisely the high energy phonomena of the leptonic weak interactions of hadrons, we need, of course, take into account the higher order effects. Since we have no final method of dealing with such effects, we shall in the next paper study them on a more general point of view. § 5. Discussion (1) The weak interaction through strong meson exchange According to the original idea of Yukawa, a meson should exist which couples strongly with nucleon and weakly with leptons. In other words, the meson would interact differently with baryons and leptons by discriminating the mass and the structure of the partners. As has been shown above ( § § 2'"'-'4), this idea does not miss the mark, if the strong mesons are considered to be intermediate agents for the leptonic weak interactions of hadrons. In fact, the selection rule JS=JO for the baryon currents can be accommodated in terms of the conservation law of strangeness and the multiplet character of the strong mesons, (K* (890) and Kc (1240)) which should in our model intermediate the JJSJ = 1 transitions. On the other hand, the selection rules for the lepton currents are known to be of a diverse nature; neutral lepton currents and neutrinoflip currents are not admissible. These selection rules for the lepton currents could be considered to characterize the weak iJ:lteractions between strong mesons and lepton currents.
In the meson theory of nuclear force, it has been shown that the contributions from heavy mesons other than pions play indispensable roles, even for low energy phenomena. In the present model of the leptonic processes of hadrons, we must, as a matter of course, take into consideration the contributions from all strong mesons. Just as the one-boson-exchange potential (OBEP) 23 ) in the case of nuclear force, we may find the region where one-strong-meson exchange processes give the main contributions to the leptonic weak interactions of hadrons.
In the current-current model, the V-A type of the J5l-decay interaction had been predicted by the ingenious speculations; Sudarshan and In the present model, we understand the V-aA type (a>O) simply because the strong mesons p (vector) and A 1 (axial vector) give the main contributions to J5l-decay and ,a-capture.
It will be shown in the succeeding paper that, as long as the V-A type is assumed for the weak interactions between the lepton currents and the strong mesons, the main terms derived from the strong meson channels are (r>..), Cr5rJ types and the small corrections are the same types with the induced current types: (1) Pa, (r5) Pm (o >..aPa) and (r5o >-aPa), given by W einberg. 8 l In the present model, the the effective Fermi coupling constants for the leptonic weak interactions of hadrons are given in terms of the functions of mass and coupling constants of the strong mesons and also of the momentum transfers shared to the mesons in the intermediate states. As a result, the important deviations from the formulation by Cabibbo theory are expected: i) tt-capture and /1-decay
In the Cabibbo theory, the effective Fermi coupling constant for tt-capture should be the same as that for /1-decay:
In the present model, ( 
·3)
The experimental investigation of G "-cap suffers ambiguities due to the estimation of the nuclear matrix elements which depend on the nuclear model.
ii) High energy reactions
As was shown by Igarashi and one of the present authors (S.N.) / 6 ) the suppression of the total cross section for the process
is expected in the intermediary boson theory with the reasonable form factors, compared to the estimated value by using Cabibbo angle. This comes out from essentially the dependence of the effective Fermi coupling constants on the momentum transfer in addition to mass and coupling constant of the strong mesons. In other words, the Cabibbo angle is to be defined, in the present model, as the ratio of the effective Fermi coupling constants in the two cases .::JS= 1 and JS = 0 when the momentum transfer is zero.
(2) Implications of the weak interactions between strong mesons and lepton currents in the classification of the interactions
We shall discuss the implication of the weak interactions between strong mesons and lepton currents in the classification of the interactions among particles. In order to have a unified perspective, let us arrange all interactions in terms of the Yukawa-type interactions. In other words, we decompose the Fermi interactions among four fermions into the two successive interactions of the Yukawa type.
We remark that the well established interactions can be broadly divided into two categories: The weak interactions between the strong mesons and the lepton current considered in the present work could be classified in the second category, (5·8)
The interactions of leptonic bosons hypothesized m reference 5), could not be part of category II, because it then leads to a too small cross section for !J.-e decay. If we want to classify it in category (I), we should have The universal theory of the weak boson has to assume the so-called semi-weak coupling constant (5 ·12) for the Yuka wa interaction between the weak boson and the fermion currents.
With regard to the ordinary type of the weak boson W±, no evidence has so far been found in spite of energetic efforts. Several authors 29 ) have introduced another kind of super-weak interaction.
For instance, in order to explain the behaviour of KL~2rc which violates CP, the super-weak interaction of the non-leptonic type obeying the selection rule .JS=2
Is considered with coupling constant
Also the super-weak interaction between the photon and the neutrino currents 30 ) G (v + P~r) ~ 10- has been hypothesized in order to explain the neutrino energy loss in the interior of some of the stars. These interactions should be described in terms of smaller coupling constants which are several orders of magnitude smaller than those in category (II), and, therefore, may deserve the name "super-weak interactions". Here we must notice the fact that there is so far no evidence for the existence of the semi-weak interactions between the hypothesized weak bosons and the fermion currrents.
(3) Weak interaction structure at small distances As long as we remain in the low and middle energy phenomena, the contributions from the leptonic boson channels will be detetermined by a factor of g 2 / M. But the weak interaction structure at small distances will be determined essentially by a function of g 2 and A, where A is a suitable cut-off momentum. So we have a chance of investigating the implication of the coupling constants of leptonic bosons by assuming a reasonable cutoff momentum.
By using current algebra the weak interaction structure at small distances has recently been reinvestigated. 33 
l'
34 l
It was shown that the high momentum transfer to hadrons by hadron-lepton interactions through the W-boson channels or the four-fermion channels is, under a certain condition, permissible in spite of the hadronic form factor. As long as the divergence difficulties are not solved, some of the physical processes will have strongly divergent S-matrix elements, when expressed in terms of the conceivable leptonic channels of higher order. Two remarkable examples were given to illustrate such situations. From the experiments we know:
A) The mass difference of the neutral kaons,. Fig. 3 . On the basis of the universal theory we deal with the weak interactions of the four kinds of currents (the hadron currents in non-leptonic interactions, the hadron currents in leptonic interactions, the lepton currents in hadronic weak interactions and the lepton currents in pure leptonic interactions) on an equal footing, and also in terms of the same coupling constants, allowance being made for the introduction of the weak angle {}. We suggest instead a different treatment of these four currents in view of the selection rules and -of the nature of particles concerned.
then, the cutoff momentum would be reduced considerably:
A:S2 x 10 6 Bev ,
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(5 ·15) (5 ·16)
The upper limit for the cutoff momentum A estimated on the present model given by (6 ·17) and (6 ·18 ) is, satisfactorily, larger than the unitarity cutoff ""-'300 Bev. In this way, a conservative but simple way of solving the troubles with the weak ·interaction structure at small distances could thus be given in terms of the present model, without referring to the ultimate solution of the divergence difficulties inherrent in the present field theory.
where V is the strong interaction potential between pion and nucleon; the indices 1, 2 indicate the two nucleons whose interaction potential we now consider. In order to estimate the order of magnitude of :3, we used the values of the potentials at r= r = 1.8 X 10- These results may be considered as a proof of the prediction of the universal weak interaction theory based on the current-current model. We can, however, show that the parity violation in nuclear force is also deduced if the weak interactions between pion and nucleon currents are introduced:
To be specific, let us take an analogy to I:~N + TC, and introduce the interaction Hamiltonian for the weak interactions between the nucleon currents and pion in the following way : 42 ) This leads to the parity violating potential between P-P and n-n. This value for g is in agreement with the recent experiments mentioned above.
The essential difference between the c.v.c. theory and the present theory lies in the two points.
i) The isotopic spin dependence:
m the present theory (A· 6): p ~ p, n-n, p-n .
In other words, the parity violating potential has nonvanishing matrix elements in the present theory when like particles as well as unlike particles are interacting, and in the c.v.c. theory only when a proton and a neutron interact.
ii) The force range In the c.v.c. theory, the parity-violating potential is singular as was indicated m (A· 2). On the other hand, the present theory leads to the same radial dependence with that of the one pion exchange potential. In the future precision experiments, it may be possible to distinguish the c.v.c. theory and the present theory by utilizing these characteristics.
